Introduction
In [ORT 99], Ortiz and Stainier proposed a general variational approach for elastoplastic models in finite deformations regime. This work can be extended to finite viscoleastic models, as shown in [STA 03 ]. The striking feature of this approach is its variational characteristic which provides a mathematical structure opening the way to many theoretical and numerical tools and methods. The present paper follows the same path and focuses on a general variational approach for finite viscoelastic models.
Variational form of constitutive equations
Using conventional notation, let us call ¢ ¡ ¤ £ ¦ ¥ § the gradient of deformations, and © ¡ the Cauchy strain tensor, respectively. These values may be decomposed in volumetric and isochoric parts. The isochoric tensors are defined as follows:
We will work in the framework of irreversible thermodynamics, with internal variables. Thus, we define a general set
of external and internal variables, where 7 E its inelastic part of the (total) deformation, and H contains all the remaining internal variables of the model. In addition, a multiplicative decomposition
of the gradient of deformations is considered. We assume the existence of a free energy potential
and a dissipative potential
, such that the Piola-Kirchhoff stress tensor, comprised of an equilibrium (elastic) and a dissipative (viscous) components, is derived as follows:
In addition, another dissipative potential
is included to characterize the inelastic behavior related to the inelastic tensor 
A group of visco-hyperelastic models

General form
A quite general group of viscoelastic materials can be modelled within the present variational framework. Due to the possibility of obtaining analytical or semi-analytical expression for the constitutive updates, only isotropic models will be considered now. However, no theoretical constraints to include more general behaviors are found. The 
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The volumetric part may be defined using the usual expression
, The viscous part of the Kelvin branch is an isotropic function of the symmetric part of the rate of deformation:
where h v are the eigenvalues of d -The Maxwell branch, connected in parallel, is based on a multiplicative split of strains in an elastic and an isochoric inelastic (viscous) part:
A flow rule for the internal variable can be written as: 
The set¨© enforces the traceless form of # while the set¨® accounts for usual properties of eigenprojections. Moreover, it is easy to verify that both sets are convex on their respective variables. Given isotropic expressions for energy functions, the minimization in (12) can be performed analytically. A simple extension to this model can be obtained by considering a set of · Maxwell branches, as seen in Figure 1(a) .
Hencky and Ogden models
Hencky models are based on quadratic forms of logarithmic strain tensors:
In this case, it is particularly convenient to obtain simple uncoupled linear expressions for the minimizing argument v
. In spite of the facility offered by Hencky models in terms of analytical treatment, it is well known that these type of hyperelastic potentials do not fit well the behavior of rubber-like materials. For that case, a more adequate choice may be the Ogden model which has also the capability of generalizing other models like neo-Hookean and Mooney-Rivlin. Ogden models are based on the following potentials:
Numerical example
This example presents a pure shear tests of a single 3D element (Figure 1(b) ). Material parameters and load characteristics were taken from an equivalent example in [REE 98], in order to perform some useful comparisons. Thus, the rheological model chosen for this example corresponds to that of Figure 1 
. The material was assumed to be almost incompressible through the choice of a high value for the bulk modulus¨d Two different models for s were used: Ogden model and Hencky model. In the case of Ogden, we used the following six-parameter fitting:
. For the Hencky model, the valuȩ , for different shear amplitudes, is shown in Figure 2 . In the case of small strains both models (Ogden or Hencky main spring) give identical results, and match quite well equivalent results in [REE 98]. As expected, the behavior of the main spring is determinant on the behavior of the whole system for deformations higher than unity. Comparing the results of the Ogden-based model with those of [REE 98] it is possible to see a close correlation of maximum values of stress for all four cases. However, hysteresis loops clearly look "thinner" as the deformation grows along the cycle. This behavior is in agreement with the fact that the Hencky model used in the Maxwell branch provides a contribution in stress much more lower than a corresponding Ogden model for high deformations. In [REE 98], Ogden model is used for both, main and Maxwell springs.
Conclusion
We have proposed a general variational formulation of nonlinear finite viscoelasticity models. We focused in particular on generalized Kelvin-Maxwell models. We compared the capacity of Hencky-and Ogden-type models to reproduce observed nonlinear viscous behaviour in shear tests. It appears that Ogden models perform better, without really involving additional complexity to the numerical implementation.
